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Description 



WIRELESS POLLING SYSTEM USING 
SPREAD-SPECTRUM COMMUNICATION 

Cross Reference to Related Applications 

[0001] This application claims priority from U.S. provisional 

patent application Ser. No. 60/469,697, filed on May 12, 
2003, the disclosure of which is hereby incorporated 
herein by reference in its entirety. 
Background of Invention 

[0002] jhe present invention is directed to a wireless communi- 
cation system using a spread-spectrum communication 
protocol and, in particular, to such a wireless communica- 
tion system having a master unit sending polling signals 
to a plurality of slave units over the at least one wireless 
communication link to retrieve data from the slave units. 
The invention may be useful with a wireless response unit 
which retrieves response data being entered in response 
units by a user, in a remote data collection system useful 
to retrieve sensor data from remote sensors, as well as 



other applications in which data must be wirelessly re- 
trieved at a master unit from a series of slave units. 

[0003] Spread spectrum protocol is useful in wireless communi- 
cations. By distributing wireless communication over a 
large bandwidth, a higher transmission power may be 
used within government regulations without requiring the 
payment of licensing fees. One form of spread spectrum is 
frequency hopping in which the spectrum is divided into a 
number of frequency channels. The transmission hops be- 
tween the various channels with substantially equal trans- 
mission time in all of the channels being utilized. In order 
for the transmitter and receiver to operate at the same 
frequency, it is necessary to provide a technique for coor- 
dinating their hopping. This may be accomplished by pro- 
viding pseudorandom frequency hop tables in the trans- 
mitting and receiving units to coordinate the hopping. 

[0004] while known spread spectrum frequency hopping proto- 
cols are useful for certain applications, they have not been 
proposed for polling based systems, especially ones hav- 
ing a large number of slave units. When a unit is placed 
into operation, it must become synchronized with the 
polling sequence. In prior communication systems, such 
as cordless telephones, this may be accomplished by the 



receiving unit listening in on a particular channel until it 
receives a transmission and thereafter following the hop- 
ping of the transmitter unit with the assistance of the fre- 
quency-hopping table. However, in polling-based sys- 
tems, the interval between transmissions from the master 
unit may be sufficiently long that an inordinate amount of 
time may pass before a transmission occurs on a particu- 
lar channel. 
Summary of Invention 

[0005] The present invention provides a spread-spectrum fre- 
quency hopping protocol that is particularly useful with a 
wireless communication system having at least one mas- 
ter unit which sends polling signals to a plurality of slave 
units over at least one wireless communication link. The 
slave units send data to the at least one master unit over 
the wireless communication link in response to one of the 
polling signals. 

[0006] According to an aspect of the invention, a wireless com- 
munication system and method includes providing at least 
one master unit and a plurality of slave units communi- 
cating with the at least one master unit over at least one 
wireless communication link. The at least one master unit 
sends polling signals to the slave units over the at least 



one wireless communication link. The slave units send 
data to the at least one master unit over the at least one 
communication link in response to one of the polling sig- 
nals. The communication link is made up of at least one 
master transceiver at the at least one master unit and a 
plurality of slave transceivers each at one of the slave 
units. The at least one master transceiver and the slave 
transceivers communicate with a spread-spectrum hop- 
ping protocol. 

[0007] According to another aspect of the invention, the fre- 
quency hopping protocol includes a home frequency. The 
at least one master transceiver transmits an initial trans- 
mission at the home frequency and the slave transceivers 
attempt to receive the initial transmission at the home 
frequency. This allows the slave unit to be able to syn- 
chronize with the master unit polling by providing a com- 
mon frequency for the slave unit to go to, such as when it 
is initially placed into service. 

[0008] According to another aspect of the invention, the protocol 
includes a home frequency wherein the at least one mas- 
ter transceiver transmits an initial transmission at the 
home frequency and a master transmission at a hop fre- 
quency. The initial transmission at the home frequency 



transmits a designation of the hop frequency to the slave 
units. The master transmission transmits data to the slave 
units. The master transmission may be of a duration cor- 
responding to one frequency hop. 

[0009] The initial transmission may have a duration that is re- 
lated to the duration of the master transmission in the 
manner that the initial transmissions for an entire cycle of 
frequency hops can equal one hop duration. 

[0010] These and other objects, advantages and features of this 
invention will become apparent upon review of the follow- 
ing specification in conjunction with the drawings. 
Brief Description of Drawings 

[° 01 1 ] Fig. 1 is a block diagram of a wireless communication 
system, according to the invention; 

[0012] pig. 2 is a block diagram of a wireless response system, 
according to the invention; 

[0013] pig. 3 is a frequency table of a spread-spectrum frequency 
hopping protocol, according to the invention; 

[0014] Fig. 4 is the same view as Fig. 3 of an alternative embodi- 
ment; 

[0015] Fig. 5 is a frequency-hopping chart useful with the inven- 
tion; 

[0016] Fig. 6 is a flowchart of a master unit communication pro- 



gram; 

[0017] pig. 7 is a flowchart of a slave unit communication pro- 
gram; 

[0018] pig. 8 is a block diagram of a transceiver that is useful 

with the invention; and 
[0019] Fig. 9 is the same view as Fig. 3 of another alternative 

embodiment. 
Detailed Description of the Preferred Embodiment 

[0020] Referring now specifically to the drawings, and the illus- 
trative embodiments depicted therein, a wireless commu- 
nication system 1 includes at least one master unit 2 and 
a plurality of slave units 4 which communicate with mas- 
ter unit 2 over at least one wireless communication link 6 
(Fig. 1). The at least one master unit 2 sends polling sig- 
nals to the slave units 4 over wireless communication link 
6. Slave units 4 send data to master unit 2 over wireless 
communication link 6 in response to one of the polling 
signals. Master unit 2 and slave units 4 communicate with 
a spread-spectrum frequency hopping protocol, as will be 
described in more detail below. 

[0021] | n an illustrative embodiment, wireless communication 

system 1 may be a wireless response system 10 (Fig. 2) of 
the type disclosed in commonly assigned patent applica- 



tion Serial Nos. 10/248,578, 10/248,588, and 
10/248,583 filed April 29, 2003, the disclosures of which 
are hereby incorporated herein by reference. It should be 
understood that, although illustrated in detail with respect 
to a wireless response system, wireless communication 
system 1 may be embodied in other systems, such as a 
data retrieval system from a series of sensor units, re- 
trieval of data from digital data recorders, or the like. 
Wireless response system 10 is disclosed in detail in the 
previously referred to patent applications and will not be 
described in detail herein. Suffice it to say, wireless re- 
sponse system 10 includes one or more base units 12 and 
a plurality of response units, or keypads, or handheld 
units 14, which communicates with the base unit(s) over 
one or more wireless communication links 16. The base 
unit(s) sends polling signals, over wireless communication 
link 16 and the response units send response data to the 
base unit over the wireless communication link(s) in re- 
sponse to the polling signals. The response data is en- 
tered in the respective response unit by a user. An illus- 
tration of the protocol of the communication between 
base unit 12 and the response unit may be generally as 
disclosed in detail in commonly assigned United States 



Patent Nos. Re. 35,449 for a REMOTE TWO-WAY TRANS- 
MISSION AUDIENCE POLLING AND RESPONSE SYSTEM; 
5,727,357 for a REMOTE RESPONSE SYSTEM AND DATA 
TRANSFER PROTOCOL; and 6,021,119 for a MULTIPLE SITE 
INTERACTIVE RESPONSE SYSTEM, the disclosures of which 
are hereby incorporated herein by reference. Each re- 
sponse unit 14 may include user input devices, such as a 
keypad 18, a series of soft keys 20, or the like. Each re- 
sponse unit 14 may additionally include a display 22 for 
displaying information to the user, as well as indicating 
user selections. Base unit 12 may be connected with a 
command computer 24 in order to provide top level con- 
trol of wireless response system 10, as well as to run 
software applications to analyze data produced by wire- 
less response system 10. 
[0022] | n the illustrative embodiment, two base units 12 are il- 
lustrated, each with a pair of synchronized transceivers 
26. However, it should be understood that for certain ap- 
plications, only one base unit 12, or more than two base 
units 12, may be utilized and base unit 12 may utilize 
only one transceiver 26 or more than two transceivers 26. 
Each response unit 14 includes a transceiver 28 for wire- 
less communication with base transceiver(s) 26 over wire- 



less communication link(s) 16. 
[0023] | n one illustrated embodiment, wireless communication 
system 1 and wireless response system 10 utilize a 
spread-spectrum frequency hopping protocol 30 illus- 
trated in Fig. 3. Protocol 30 is made up of a plurality of 
distinct frequency channels, or hops, 32, which are re- 
ferred to by a code letter 34. Each frequency hop, or 
channel, has a unique frequency band 36. Master unit 2 
transmits a polling signal 38. In response to the polling 
signal 38, all of the slave transceivers 4 send data to mas- 
ter unit (2) during a data transfer period 40. Polling signal 
38 is made up of an initial, or home, transmission 42 and 
a master transmission 44. Initial transmissions 42 are all 
at the same frequency band 36, which is designated a 
home frequency 46. Master transmission 44 and slave unit 
response 40 occur at a different frequency band for each 
sequence of polling signal and slave unit response. The 
master transmission and slave response units may occur 
at a common frequency band 36, as illustrated in Fig. 3, 
or may be divided up over two or more different frequency 
bands as will be discussed in more detail below. By this 
frequency hopping, a spread-spectrum protocol is carried 
out. In the embodiment illustrated in Fig. 3, duplicate ini- 



tial transmissions 42 and duplicate master transmissions 
44 are illustrated for each polling signal 38. This is ac- 
complished with a master unit having two transceivers 26 
which are synchronized in order to send polling signals 38 
that are temporally separate from each other. In a like 
fashion, master transmissions 44 may be sent from plural 
master transceivers with temporal separation between the 
master transmissions. However, it should be understood 
that protocol 30 may be carried out with an individual 
master transceiver 26 sending an individual initial trans- 
mission and individual master transmissions. 
[0024] initial transmission 42, in the embodiment illustrated in 

Fig. 3, has a time duration of 1.3 ms, which is significantly 
shorter than the time duration illustrated at 65 ms of the 
master transmission 44. Master transmission 44 has a 
time duration of one frequency hop 47. Initial transmis- 
sion 42 transmits a hop code 34 for the master transmis- 
sion 44 and slave unit responses 40 that are to follow. 
This allows the initial transmission 42 to have a short du- 
ration. In the illustrative embodiment, master transmis- 
sion 44 sends data to the slave units, such as described in 
United States Patent 5,724,357 for a REMOTE RESPONSE 
SYSTEM AND DATA TRANSFER PROTOCOL, the disclosure 



of which is hereby incorporated herein by reference. Ex- 
amples of data that could be sent with master transmis- 
sion 44 include acknowledge data to acknowledge receipt 
of valid data transmissions from the slave units, software 
code to update the software run on the slave units, in- 
structional messages to be displayed on displays 22, and 
the like. Slave units 4 transmit in a particular fashion dur- 
ing a slave unit response period 40. In the illustrative em- 
bodiment, the slave units respond in time domain multi- 
plexing in the manner disclosed in the '357 patent. The 
slave units send data over wireless communication link(s) 
to the master unit(s). This data may include, by way of ex- 
ample, data entered by a user in keypad 18 and soft keys 
20, data accumulated by a sensor at the slave unit, or the 
like. The data may be returned to the master unit over the 
same frequency band as used by the master transmission 
and as indicated by the frequency code sent in the corre- 
sponding initial transmission 42. Alternatively, the data 
may be returned to the master unit over one or more fre- 
quency bands that differ from that used by the master 
transmission. 

[0025] | n the embodiment illustrated in Fig. 3, each frequency 

hop has a duration made up of the duration of the polling 



signal 38 which is equal to one spread-spectrum cycle 48 
divided by the number of frequency bands 36. In the illus- 
trative embodiment, one frequency duration is approxi- 
mately 132 ms for the polling signal. The initial transmis- 
sions 42, when combined over an entire spread-spectrum 
cycle, have a cumulative duration that is less than or equal 
to one frequency hop 47. Therefore, they satisfy the 
spread-spectrum protocol equivalent of one frequency 
hop 47. This allows the remaining frequency hops to be 
utilized for the master transmissions. It should be under- 
stood that spread spectrum rules apply to each transmit- 
ter. Therefore, the duty-cycle averaging of the initial 
transmission is with respect to only the length of the 
transmissions from the master unit. By utilizing a home 
frequency 46 for the initial transmission, each slave unit 
listens to that frequency for receipt of a hop frequency 
code at which master transmission 44 will be received. 
Thus, each slave unit is capable of receiving the next 
master transmission as soon as that slave unit is placed 
into service. This provides for a rapid synchronization of 
the slave unit to the master unit. Each slave unit transmis- 
sion meets spread spectrum protocol because it is spread 
throughout the various hop frequencies. 



[0026] Master unit 2 of the embodiment illustrated in Fig. 3 may 
include a master unit communication program 50 (Fig. 6). 
Program 50 begins at 52 by a transmission at the home 
channel of the initial transmission. The initial transmission 
contains a hop channel code 34. The master unit then 
transmits a master transmission, which, in the illustrative 
embodiment, is a base packet, at 54 at the hop channel ID 
designated at 52. The master unit then receives at 56 the 
slave unit responses on the hop channel designated at 52. 
At the end of the slave unit response period, program 50 
increments the hop channel at 58 utilizing a frequency 
hop chart, such as hop chart 60 shown in Fig. 5. It is then 
determined at 62 whether the hop channel has been in- 
cremented to the last hop channel in the frequency dura- 
tion. If so, the hop channel ID is incremented to 1 at 64. 
The master unit communication program then repeats it- 
self beginning with a new initial transmission at the home 
channel (52). 

[0027] a slave unit communication program 66 (Fig. 7) for the 
embodiment illustrated in Fig. 3 begins by the slave unit 
tuning to, or listening to, the home frequency 46 for re- 
ceipt of an initial transmission from the master unit a 68. 
When the initial transmission is received, the hop channel 



identification code is extracted at 70 and the receiver of 
the slave transceiver 28 is set to the hop channel at 72. 
The master transmission 44 is received at 74 on the hop 
channel. The transmitter portion of the slave transceiver is 
set to the hop channel at 76 and the slave unit response is 
transmitted to the master unit. The program then repeats. 
[0028] Details of a transceiver useful as master transceiver 26 
and slave transceiver 28 are illustrated in Fig. 8. 
Transceiver 26, 28 is a half duplex module that either 
transmits or receives wireless data. It is used in conjunc- 
tion with a microcomputer 78, which runs slave unit com- 
munication program 66 or master unit communication 
program 50. Microcomputer 78 may perform other tasks 
as would be understood by those skilled in the art. 
Transceiver 26, 28 is capable of both receiving and trans- 
mitting. Although it is illustrated as a unitary module, it 
should be understood that transceiver 26, 28 could be 
implemented by separate transmitting and receiving mod- 
ules. 

[0029] The receiver portion of transceiver 26, 28 converts an in- 
coming frequency shift key (FSK) modulated signal to a 
synchronized bit stream. The receiver has a SAW filter 80 
to eliminate out-of-band interference and a receiver/ 



transmit switch 82 to provide adequate isolation between 
the receiver and transmitter functions. A two-stage gain 
controllable amplifier 84 attempts to ensure linearity in 
the presence of strong RF signals. A radio-frequency local 
oscillator (RF LO) 86, that is the same as the RF carrier 
frequency, is combined to provide two in-phase and 
quadrature local oscillators for a quadrature down conver- 
sion mixer 88. Outputs from mixer 88 are applied to am- 
plifiers and active low-pass filters before being input to 
limiter amplifiers. A bit synchronizer 90 transforms the 
data output to proper protocol for an input microcom- 
puter 78. 

[0030] The transmitter portion receives a data stream from mi- 
crocomputer 78 and an optional EPROM memory 92 and 
includes a synthesizer 94, which performs FSK modulation 
of the RF carrier from the frequency synthesizer 86. A 
harmonic notch filter 96 and SAW band-pass filter 98 are 
for the purpose of maintaining harmonic and spurious 
signal levels within regulatory agency limits. In the illus- 
trative embodiment, a portion of transceivers 26 and 28 
are incorporated in a commercially available RF module 
100 marketed by Semics under Module XE1202. However, 
the functions performed thereby may be supplied by stan- 



dalone components or may be combined with other mod- 
ules in order to carry out the functions performed by 
transceivers 26, 28. While the preceding description of the 
transceiver modules 26, 28 are for illustration purposes, it 
should be understood that the invention facilitates the use 
of conventional transceiver technology in combination 
with a microcomputer 78, programmed with program 50 
or 66, to provide an inexpensive transceiver module capa- 
ble of carrying out spread-spectrum protocol. This is in 
contrast to known chip-sets that provide for spread- 
spectrum communications, which are often costly custom 
developments. 

[0031] | n an alternative embodiment illustrated in Fig. 4, a proto- 
col 30' utilizes an initial transmission 42' transmitted by 
one of two transceivers 26 which operate on the same 
home frequency 46. The initial transmission includes the 
hop code for both transceivers 26 of the master unit 
which generate master transmissions 44 at the hop fre- 
quency. At the next frequency cycle 47, the other master 
transceiver 26 transmits an initial transmission 42' which 
is followed by the master transmissions 44 for both of the 
master transceivers 26. An advantage of the protocol 30' 
is that the initial transmission on the home frequency is 



limited to, in the illustrative embodiment, 1.3 ms rather 
than the combined 2.6 ms of the two initial transmissions 
42 in Fig. 3. This allows the master transmission 42' for 
each transmitter to be limited to 32.5 ms, in the illustra- 
tive embodiment. This is the same proportion to the 
length of initial transmission 42' as the number of fre- 
quency hops. Thus, it is seen that protocol 30' facilitates a 
polling signal duration 38' which is approximately one- 
half the length of polling signal duration 38 in protocol 30 
which is 65 ms. This is accomplished by having two 
transceivers, which are synchronized in order to send the 
polling signals temporally offset from each other with only 
one transceiver generating the initial transmission for a 
particular frequency hop. Although this may diminish 
somewhat the reliability of the system, because only one 
of the redundant transceivers are transmitting the initial 
transmission, the initial transmission includes minimal 
data and, therefore, is more likely to be validly received by 
all of the slave units. 
[0032] Systems 1, 10 can be implemented utilizing multiple mas- 
ter transceivers operating on separate channels. An ex- 
ample of such system is disclosed in commonly assigned 
patent application Serial Nos. 10/248,578 entitled WIRE- 



LESS RESPONSE SYSTEM WITH FEATURE MODULE, 
10/248,588, and 10/248,583, both entitled WIRELESS RE- 
SPONSE SYSTEM AND METHOD, the disclosures of which 
are hereby incorporated herein by reference. An advan- 
tage of utilizing multiple master transceivers operating at 
separate channels is that the number of slave units may 
be increased proportionately. 
[0033] Frequency hop chart 60 for such a system having multiple 
transceivers is shown having multiple home frequencies 
46, each of which is at a different hop frequency 32 (Fig. 
5). Each of the home frequencies 46 designated 1-15 are 
utilized for one of the master transceivers 26, or pair of 
master transceivers 26. Thus, a group of slave 
transceivers, which communicates with a particular master 
transceiver(s), listens for the initial transmission 42 at the 
particular home frequency for that master transceiver(s). A 
different set of slave transceivers listens to the home fre- 
quency for the master transceiver(s) for that particular set 
of slave transceivers. The hop frequencies are arranged in 
frequency hop chart 60 in order to comply with a pseudo- 
random arrangement required by the regulatory authori- 
ties. Also, under normal operating conditions, no two 
transceivers should be transmitting at the same time on 



the same frequency. 

[0034] Thus, it is seen that the invention is embodied in a base 
unit that is the master of the system and response units 
that operate as slaves. The base unit acting as a master 
unit seeds the hop sequence for both itself and all slave 
units. The hop sequence it follows is contained in 
firmware in the base unit. Patterns for the pseudo-random 
hop sequences are illustrated in the chart in Fig. 5. 

[0035] The base unit serves as the master by using 51 frequen- 
cies. One of the 51 frequencies is assigned as the home 
frequency. All slave units, when turned on, start receiving 
transmissions on their home frequency. A very short 
transmission on this frequency provides a data packet to 
the slave units which communicates the identity of what 
hop frequency will next be used for the main base packet 
and for the keypad return transmission. The equal trans- 
missions on all frequencies are provided by the fact that 
the home transmissions are very short in duration such 
that the sum of them for each base transmitter is equal to 
the duration of each hop on the other frequencies. In the 
chart in Fig. 4, this is shown to be 25 times 1.3 ms or a 
total of 32.5 ms for the first transmitter on the home fre- 
quency where each of the 50 other channels is 32.5 ms. 



Each of the transmitters in the base (two used for the di- 
versity/coverage benefits) spends 32.5 ms on each of the 
51 frequencies 32.5 ms on the home frequency and 32.5 
ms on each of the 50 other hops. Thus, the transmissions 
are spread uniformly across the band and are of equal du- 
ration over time. The chart in Fig. 5 shows typical combi- 
nations of home and pseudo-random hops used by the 
base to guarantee that all frequencies are used equally 
over time. 

[0036] The slave units employ spread spectrum hopping as fol- 
lows. When activated, a unit goes into a receive mode on 
the home frequency to look for an initial transmission. 
When a valid initial transmission is received, the receiver 
then hops to the frequency designated in the initial trans- 
mission. It receives the master transmission with its con- 
tents on that channel. It then goes into a time division 
multiplexing mode where it waits for the occurrence of its 
assigned timeslot based on slave unit address (each 
timeslot has an assigned address) to activate its transmit- 
ter and return its data to the base on this same hop fre- 
quency. So, the slave unit always transmits back to the 
base on a frequency derived from information contained 
in the last received initial transmission. Since the base ro- 



tates through the 50 hop frequencies before repeating, all 
50 frequencies are used equally. 
[0037] | n an additional alternative embodiment, a spread- 
spectrum protocol 130 is provided (Fig. 9). In protocol 
130, the base unit sends out a series of home transmis- 
sions 142 on different hop frequencies. In the illustrative 
embodiment, the base unit transmits on each of the hop 
frequencies according to the pseudo-random chart 60. 
Each of the transmitters in the base unit spread their 
transmissions uniformly across the band and spend a 
substantially equal amount of time on each hop fre- 
quency. This complies with the requirement that equity be 
maintained among the hop frequencies as represented by 
the pseudo-random chart. When a group of response 
units, such as units KP1-KP100, receive a home transmis- 
sion at their respective home frequencies, information is 
provided to the response units to listen to the master 
transmission 144 at that frequency. Master transmission 
144 is repeated by each of the base unit transceivers and 
is similar to master transmission 44. However, the base 
transmission includes a seed packet that is used by the 
response units to calculate a response frequency. From 
this seed packet, each response unit receives a subset of 



the pseudo-random hop table. Based on the address of 
the response unit and this table, a response unit calcu- 
lates what hop frequency it will use when it needs to 
transmit. In the illustrative embodiment, the response 
units KP1-KP100 are seeded to respond in three distinct 
hop frequencies. Keypads KP1-KP33 respond at hop fre- 
quency 140a, response units KP34-KP66 respond at hop 
frequency 140b, and response units KP67-KP100 respond 
at hop frequency 140c. Hop frequencies 140a and 140b 
are separated by a setup interval 151, and interval 140b is 
separated from 140c by a setup interval 151. Setup inter- 
vals 151 provide a brief interval for the units to shift in 
frequency. 

[0038] After the response units respond during intervals 140a, 
140b and 140c, the base unit again transmits home 
transmissions 142 on all hop frequencies according to the 
pseudo-random chart. The group of keypads will respond 
when their respective home frequency is transmitted by 
listening to the hop frequency contained in that transmis- 
sion. The base unit transceivers will transmit at that hop 
frequency sending the seed to the response units who 
will, as previously described, respond at hop frequencies 
during intervals 140a, 140b and 140c (only interval 140a 



is shown in Fig. 9). In this manner, the response units 
work their way through the pseudo-random hop fre- 
quency chart utilizing a set of pointers. Concurrently, the 
base unit works its way through the hop frequency chart 
using its own set of pointers. However, in all cases, the 
information used to work through the pseudo-random 
chart is provided from the base unit to the response units. 
[0039] Referring back to Fig. 5, it can be seen that the ability to 
provide multiple home frequencies, 15 of which are illus- 
trated in Fig. 5, allows an equal number of different sys- 
tems to be operating in the same space without interfer- 
ing with each other. This is accomplished by each system 
having a separate home frequency, which is separate from 
the home frequencies of the other systems. In the illustra- 
tive embodiment, the home transmission 42 may include 
an identifier on the channel transmitting that frequency as 
described in detail in commonly assigned patent applica- 
tion Serial No. 10/248,814, filed February 21, 2003, by 
Glass et al. for a WIRELESS ASYNCHRONOUS RESPONSE 
SYSTEM, the disclosure of which is hereby incorporated 
herein by reference. This channel identifier ensures that 
the response unit has received the correct home fre- 
quency transmission. In the case of 15 separate systems, 



all 15 base units cycle through the initial transmission 
codes in a pseudo-random fashion in a manner which 
does not conflict with each other. 
[0040] | n the case of the response units, they are repeatedly 

transmitting on different frequencies. Therefore, should a 
transmission at a particular frequency be inadequately re- 
ceived by the base unit, the response unit will continue to 
repeat transmission of its data packet in the fashion de- 
scribed in the '357 patent previously set forth. It may be 
desirable to have a further enhancement to allow the base 
unit to also transmit on different home frequencies, 
thereby increasing the likelihood that a transmission will 
be received by the response unit. In the embodiment il- 
lustrated in Figs. 5 and 9, this further enhancement may 
be provided by providing the ability of response units to 
respond to other initial transmissions than their defined 
home frequency. For example, should a keypad not be 
able to receive an initial transmission 142 within a prede- 
termined time period, it could be programmed to listen 
for a different home frequency on a different channel. Be- 
cause of the unique identifiers that are contained within 
the home transmissions, the unit could synchronize with a 
different home frequency. This advantageously provides 



the ability of a system to be more robust because it fur- 
ther reduces the likelihood that a response unit may not 
receive the initial transmission from the base unit. 

[0041] The communication system disclosed herein is capable of 
increased transmission power while still complying with 
regulatory requirements. This is especially useful with the 
transmitter of the master unit. This allows greater range 
between the master unit and slave units while increasing 
reliability of signal reception. 

[0042] Moreover, the communication system allows the response 
units to quickly become synchronized with the transmis- 
sions of the base unit. This is accomplished by a series of 
short initial transmissions at a home frequency which gets 
the response units into sync. This is followed by a longer 
transmission from the base unit that carries the payload. 
This eliminates the need for multiple long transmissions 
before the units are synchronized. 

[0043] while the embodiments described above relate to a wire- 
less communication system implemented with a frequency 
hopping spread spectrum protocol, it will be appreciated 
that the invention can be implemented with other varia- 
tions of spread spectrum protocol including frequency 
hopping. For example, the invention could be imple- 



merited with a hybrid combination of direct sequence and 
frequency hopping protocol. 
[0044] changes and modifications in the specifically described 
embodiments can be carried out without departing from 
the principles of the invention which is intended to be 
limited only by the scope of the appended claims, as in- 
terpreted according to the principles of patent law includ- 
ing the doctrine of equivalents. 



